Introduction
Pattern formation of organic thin films is one of the important processes in the fabrication of organic electronic devices. For the organic light emitting diodes (OLEDs), increasing demand for multicolor pixel patterns of large size displays makes it more and more difficult to fabricate the device patterns by way of conventional mask deposition or photolithography. The authors have proposed to form patterns of polymer films by vapor depositing photoreactive monomer films, which can be patterned by UV irradiation followed by rinsing in an organic solvent [1, 2] . It was shown that this process can be used repeatedly on the same substrate to prepare multi-element OLEDs without damaging the device characteristics [3] .
On the other hand, it is also significant to develop an equivalent patterning technique for films deposited by wet-coating processes. The objective of this paper is to exploit the possibility of forming patterns of polymer thin films by spin-coating photoreactive monomer materials that can be subsequently patterned by UV exposure and development. The feasibility of spin-coating method was investigated in contrast to the vapor deposition. Figure 1 illustrates the concept of the procedure proposed in this work. A photoreactive thin film was prepared by spin-coating vinyl monomers added with a photoinitiating reagent.
Experimental Method
This monomeric film was exposed to UV light, thereby polymerizing the irradiated part. The following development process removes the monomeric part by an appropriate solvent, thus leaving the patterns of insoluble polymer thin film. Figure 2 shows the materials employed in this work. A hole-transporting material DvTPD was vapor-deposited on an indium-tin oxide (ITO) electrode and then thermally polymerized to form a uniform and insoluble hole transport layer of 30 nm in thickness [4] . On this surface, the photoreactive emissive layer was spin-coated by dissolving 30 mg of CEMA monomer, 3 mg of photoinitiator DABP, and 1 mg of phosphorescent dopant vIr(ppy) 3 into 330 mg of solvent, such as tetrahydrofuran (THF) or 1,4-dioxane. The film was then exposed to the UV light of 355 nm at a power of 60 mW/cm 2 for 30 s to 1 min through a photomask. The pattern was developed by rinsing this film in an organic solvent such as ethanol, ethyl acetate, and toluene.
An OLED was fabricated by vapor depositing a 40 nm-thick electron transport layer of bathocuproin, a 0.5-nm thick electron injection layer of LiF, and Al cathode successively on the surface of the patterned emissive layer. The device characteristics were compared with an equivalent device prepared by the vapor deposition.
Results and Discussion

Film Formation and Patterning
As a spin-coating solvent, both THF and 1,4-dioxane were examined. The high volatility of THF caused quick evaporation of the solvent during the coating process, resulting in non-uniform thin films. 1,4-dioxane had lower volatility, but lacked in solubility of the photoinitiator DABP, causing condensation precipitates in the film and insufficient polymerization upon UV irradiation. It was found that a 1:2 mixture of THF and 1,4-dioxane gives a satisfactory result as the coating solution. It is important to notice that photopolymerization and pattern formation The concept of pattern formation process by spin-coating photoreactive thin film. A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 6 4 2 -6 4 3 
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was possible only when the exposure was achieved right after the spin-coating before the film starts to crystallize.
The films spin-coated to 300 nm thick were exposed to UV light at 60 mW/cm 2 for 1 min, and rinsed in either toluene (a), ethyl acetate (b), or ethanol (c) to develop the dot patterns shown in Fig. 3 . No patterns remained when the film was developed by THF. The development in toluene resulted in slight over-etching, while ethyl acetate left residues. Moreover, these solvents were able to develop the 50-m dots, but were unable to pattern 10-m dots. On the other hand, ethanol developed clear patterns of 10-m dots as well as 50-m dots.
OLED Characteristics
An OLED was prepared in a structure of ITO/patterned emissive layer/bathocuproin/LiF/Al using the emissive layer prepared as stated above. A device of an identical structure was also prepared by using the vapor deposition method for the emissive layer [3] . Figure 4 compares the voltage-luminance characteristics of these devices. Although the onset of emission occurred almost at the save voltage, the device by vapor deposition showed superior characteristics. Figure 5 shows the fluorescent microscope images of the emissive layers prepared by the spin coating (a) and by the vapor deposition (b), respectively. The former film showed fluorescent spots scattered throughout the film area, while the latter film showed uniform emission. This result suggests that the dopant molecules of vIr(ppy) 3 have underwent coalescence during the spin-coating process, resulting in the inferior device characteristics.
It is considered that further optimization of the coating solvent and coating condition is effective to maximize the device characteristics.
Conclusions
A new method for preparing thin film patterns of polymers was developed by spin-coating photoreactive monomer films that can be selectively polymerized by UV exposure and developed by rinsing in an organic solvent. This method enables patterning without using the photoresist or dry etching that was conventionally used to prepare thin film patterns of polymers. The proper selection of process solvent was important to achieve this method.
At this point, the device characteristics of an OLED prepared by the spin-coating was inferior to the equivalent one prepared by the vapor deposition. This is mainly due to the coalescence of dopant molecules, and can be improved by proper selection of the spin-coating solvent. Luminescence characteristics of OLEDs prepared by spin-coating and by vapor deposition.
